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ABSTRACT 
 
Background: Mineral deficiencies ranked among the top causes of poor health 
and disability in the world (Muthayya, 2012). These deficiencies damage 
developing brains, impair learning ability, increase susceptibility to infections, and 
reduce the work productivity of individuals. As the staple food in the country, rice 
has the potential as vehicle in the fortification programs of the government. 
Studies conducted by the Food and Nutrition Research Institute of the 
Department of Science and Technology (FNRI-DOST) showed that extrusion 
technology has produced fortified rice kernels that are acceptable and efficacious 
in reducing anemia. This concern prompted FNRI-DOST to develop a technology 
for extruded iron and zinc premix/kernel to help reduce the prevalence of 
micronutrient malnutrition among Filipinos. Objective: The project aimed to 
develop a technology for extruded multi-nutrient iron and zinc kernel/premix. 
Specifically: (1) to determine the optimum combination of iron and zinc to 
produce extruded multi-nutrient kernel with maximum acceptability; and (2) to 
standardize the process of producing the extruded multi-nutrient premix. 
Materials and Methods:  Fortification level of the extruded rice kernel with iron 
and zinc was determined using factorial design (2K). Six (6) experimental runs in 
duplicates using rice flour were conducted in a hot extruder machine. 
Acceptability was determined using sensory evaluation on the extruded iron and 
zinc premix/kernel, raw and cooked rice among 15 FNRI trained sensory 
panelists. The data was analyzed statistically using Design Expert Software to 
determine the best/optimum combination of iron and zinc premix. Results: Based 
on the contour plots obtained, results showed that the maximum desirability of 
extruded raw rice is achieved when iron is at high level (40% RENI) and when 
zinc is at medium level (20% RENI). For cooked rice with extruded iron and zinc, 
maximum desirability is achieved when both iron and zinc are at or near the 
medium levels (20% RENI). The optimum combination of fortificants with 400mg 
for iron and 300mg for zinc per 100g of premix was found to yield products with 
maximum general acceptability and with sensory features near to the control. 
Conclusion and Recommendations: Optimum combination of iron and zinc was 
determined with maximum acceptability using Design Expert Software. 
Technology for the production of extruded iron and zinc premix/kernel was 
developed and standardized. This study provided scientific basis for the conduct 
of efficacy trials, market-trial, scale-up production as well as development of 
other combinations of vitamins and mineral extruded rice kernel/premix.  
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Objective: The project aimed to develop a technology for extruded multi-nutrient 
iron and zinc kernel / premix. Results: The optimum combination of fortificants 
with 400mg for iron and 300mg for zinc per 100g of premix was found to yield 
products with maximum general acceptability and with sensory features near to 
the control. For the raw product, maximum desirability is achieved when iron is at 
the high level (40% RENI) and when zinc is at the mid level (20% RENI). For the 
premix product, maximum desirability is achieved when both iron and zinc are at 
the low level that is when both fortificants are absent. For the cooked product, 
maximum desirability is achieved when both iron and zinc are at or near their mid 
levels (20% RENI). Conclusion and Recommendation: Technology for the 
production of extruded iron and zinc was developed and standardized. Optimum 
combination of iron and zinc was determined with maximum acceptability using 
Design Expert Software. This study provides scientific basis for the conduct of 
efficacy trials, market-trial, scale-up production as well as development of other 
combinations of vitamins and mineral extruded rice kernel or premix. 
 
 
INTRODUCTION 
 

 Rice is the top food item commonly consumed by the Filipino households. 

 The prevalence of anemia among 6 mos. to <1 year old was 55.7% 
followed by the pregnant women    at 42.5%, both remained a significant 
public health concern (2008,FNRI-NNS). 

 Previous studies conducted by FNRI on extrusion technology using 
micronized iron fortificant was  found acceptable and efficacious. 

 This concern prompted the FNRI-DOST to develop a technology for 
extruded iron and zinc premix, to help reduce the prevalence of 
micronutrient malnutrition among Filipinos 

 
 
OBJECTIVES  
 
General:  

The project aimed to develop a technology for extruded multi-nutrient iron 
and zinc kernel / premix. 
 
Specific: 

 To determine the optimum combination of iron and zinc to produce 
extruded multi-nutrient kernel with maximum acceptability using factorial 
design. 

 To standardize the process for producing the extruded multi-nutrient 
premix. 

 
 
 
 



Research and Development 

 

METHODS  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RESULTS 
 

CONTOUR PLOTS OF RAW, PREMIX AND COOKED MNERK 

 

 
Fig.1 Contour Plot of Raw  

 
 For the raw product, maximum desirability is achieved when iron is at the high level (40% 

RENI) and when zinc is at the mid level (20% RENI) 
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Fig.2 Contour Plot of Premix 
 

 For the premix product, maximum desirability is achieved when both iron and zinc are at 
the low level that is when both fortificants are absent. 

 
 

 
Fig.3 Contour Plot of Cooked 
 

 For the cooked product, maximum desirability is achieved when both iron and zinc are at 
or near their mid levels (20% RENI). 
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Web Plot Profile of Cooked MNERK 
 

The sensory attribute of the optimized/standardized formula of MNERK with iron 
and zinc using the hedonic rating score and QDA are the following: 
 
 

 
Fig.4 Web Plot Profile of Hedonic Rating  
 
HEDONIC:       
Appearance             7.64                   Color          7.61         Odor                            7.69           
                              
Texture                     7.60                   Taste          7.63         Gen. Acceptability       7.62 
 
 

 
Fig.5 Web Plot Profile of QDA Analysis 
 
QDA: 
Appearance             8.23                   Color          8.37         Odor                            8.81 
Deliciousness          7.82                   Rustiness  8.38          Gen. Acceptability        8.05 
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CONCLUSION AND RECOMMENDATION 
 

 Technology for the production of extruded iron and zinc was developed 
and standardized. 

 Optimum combination of iron and zinc was determined with maximum 
acceptability using Design Expert Software. 

 This study provides scientific basis for the conduct of efficacy trials, 
market-trial, scale-up production as well as development of other 
combinations of vitamins and mineral extruded rice kernel or premix. 

 


